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Abstract
We consider static spherically symmetric wormhole configurations in a gravitational theory of a
scalar field with a potential V (φ) and nonminimal derivative coupling to the curvature describing
by the term (εgµν + κGµν)φ
,µφ,ν in the action. We show that the flare-out conditions providing
the geometry of a wormhole throat could fulfilled both if  = −1 (phantom scalar) and  = +1
(ordinary scalar). Supposing additionally a traversability, we construct numerical solutions de-
scribing traversable wormholes in the model with arbitrary κ,  = −1 and V (φ) = 0 (no potential).
The traversability assumes that the wormhole possesses two asymptotically flat regions with corre-
sponding Schwarzschild masses. We find that asymptotical masses of a wormhole with nonminimal
derivative coupling could be positive and/or negative depending on κ. In particular, both masses
are positive only provided κ < κ1 ≤ 0, otherwise one or both wormhole masses are negative. In
conclusion, we give qualitative arguments that a wormhole configuration with positive masses could
be stable.
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I. INTRODUCTION
Nonminimal generalizations of general relativity imply a straightforward coupling be-
tween matter fields and the spacetime curvature and play an important role in modern
theoretical physics. The well-known example of nonminimal theories could be represented
by scalar-tensor theories of gravity with the action generally given as1
S =
∫
dx4
√−g[F (φ,R) +K(φ,X) + V (φ)]+ Sm, (1)
where φ is the scalar field, X = φµφ
µ, R is the scalar curvature, and Sm is an action
of ordinary matter (not including the scalar field). Here the function F (φ,R) provides a
nonminimal coupling between the scalar field φ and the curvature, K(φ,X) represents a gen-
eralized kinetic term, and V (φ) is a scalar field potential. Note that the theory (1) includes a
lot of extensively investigated models, among them the f(R) gravity and the Gauss-Bonnet
gravity, the K-essence scalar theory, models with quintessence, quintom, phantom, dilaton,
tachyon, and so on.2
A further extension of scalar-tensor theories is represented by models with nonminimal
couplings between derivatives of the scalar field and the curvature. In general, one could have
various forms of such couplings. For instance in the case of four derivatives one could have
the terms κ1Rφ,µφ
,µ, κ2Rµνφ
,µφ,ν , κ3Rφφ, κ4Rµνφφ;µν , κ5R;µφφ,µ and κ6Rφ2, where the
coefficients κ1, . . . , κ6 are coupling parameters with dimensions of length-squared. However,
as it was discussed in [2–5], using total divergencies and without loss of generality one can
keep only the first two terms.
As was shown by Amendola [2], a theory with derivative couplings cannot be recasting into
Einsteinian form by a conformal rescaling g˜µν = e
2ωgµν . He also supposed that an effective
cosmological constant, and then the inflationary phase can be recovered without considering
any effective potential if a nonminimal derivative coupling is introduced. Amendola himself
[2] investigated a cosmological model with the only derivative coupling term κ2Rµνφ
,µφ,ν
and presented some analytical inflationary solutions. A general model containing κ1Rφ,µφ
,µ
1 Throughout this paper we use units such that G = c = 1. The metric signature is (− + ++) and the
conventions for curvature tensors are Rαβγδ = Γ
α
βδ,γ − ... and Rµν = Rαµαν .
2 The complete list of references concerning various applications and aspects of scalar-tensor theories would
include hundreds of items, and its survey goes beyond the present paper. For review see, for example,
Ref. [1].
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and κ2Rµνφ
,µφ,ν has been discussed by Capozziello et al. [3, 4]. They showed that the de
Sitter spacetime is an attractor solution in the model.
Note that generally field equations in the model with terms κ1Rφ,µφ
,µ and κ2Rµνφ
,µφ,ν
contain higher (third) derivatives of the metric and the scalar field. However, as was shown
in our work [5], the order of field equations reduces to second one in the particular case
when the kinetic term is only coupled to the Einstein tensor, i.e., κGµνφ
,µφ,ν . In Refs. [5, 6]
we studied in detail exact cosmological scenarios with a nonminimal derivative coupling
κGµνφ
,µφ,ν , examining both the quintessence and the phantom cases with zero and constant
potentials. It is worth noticing that taking into account the nonminimal derivative coupling
reveals new interesting features in a cosmological behavior. In general, we found [5, 6] that
the universe has two quasi-de Sitter phases and transits from one to another without any
fine-tuned potential, determined only by the coupling parameter. Further investigations
of cosmological models with nonminimal derivative coupling have been continued in Refs.
[7–16].3
In this paper we will study static spherically symmetric wormhole configurations in the
scalar-tensor theory with the nonminimal derivative coupling. The wormholes supported by
a minimally coupled scalar field are well known in the literature (see, for example, Refs. [19–
21]). It is also known that they have a number of features unacceptable with the physical
point of view. In particular, they have negative asymptotical Schwarzschild masses and
are unstable [21–24]. We will show that the model with non-minimal derivative coupling
provides scalar wormholes of a new type, possessing positive asymptotical masses, and give
some arguments on their stability.
3 It is also worth mentioning a series of papers devoted to a nonminimal modification of the Einstein-Yang-
Mills-Higgs theory [17] (see also a review [18] and references therein).
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II. MODEL WITH NON-MINIMAL DERIVATIVE COUPLING
A. Action and field equations
Let us consider a gravitational theory of a scalar field φ with nonminimal derivative
coupling to the curvature which is described by the following action:
S =
∫
d4x
√−g
{
R
8pi
− [εgµν + κGµν]φ,µφ,ν − 2V (φ)} , (2)
where V (φ) is a scalar field potential, gµν is a metric, g = det(gµν), R is the scalar curvature,
Gµν is the Einstein tensor, and κ is the derivative coupling parameter with the dimension
of length-squared.
Varying the action (2) with respect to the metric gµν leads to the gravitational field
equations
Gµν = 8pi
[
εTµν + κΘµν
]− 8pigµνV (φ), (3)
with
Tµν = ∇µφ∇νφ− 12gµν(∇φ)2, (4)
Θµν = −12∇µφ∇νφR + 2∇αφ∇(µφRαν)
+∇αφ∇βφRµανβ +∇µ∇αφ∇ν∇αφ
−∇µ∇νφφ− 12(∇φ)2Gµν
+gµν
[− 1
2
∇α∇βφ∇α∇βφ+ 12(φ)2
−∇αφ∇βφRαβ
]
. (5)
Similarly, variation of the action (2) with respect to φ provides the scalar field equation of
motion:
[εgµν + κGµν ]∇µ∇νφ = Vφ, (6)
where Vφ ≡ dV (φ)/dφ.
Note that due to Bianchi identity Gµν;µ = 0 the right hand side of Eq. (3) should obey
the relation [
(εT µν + κΘ
µ
ν )− δµνV (φ)
]
;µ
= 0. (7)
One can check straightforwardly that the substitution of expressions (4) and (5) into (7)
yields the equation of motion of scalar field (6). Therefore, the relation (7) will take place
provided Eq. (6) is fulfilled. In other words, Eq. (6) is a differential consequence of Eq. (3).
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B. Field equations for a static spherically symmetric configuration
Consider a static spherically symmetric configuration in the theory (2). In this case the
spacetime metric can be taken as follows:
ds2 = −A(u)dt2 + A−1(u)du2 + r2(u)dΩ2, (8)
where dΩ2 = dθ2 + sin2 θdϕ2 is the linear element of the unit sphere, and A(u) and r(u)
are functions of the radial coordinate u. Also the scalar field φ depends only on u, so that
φ = φ(u).
Now the field equations (3) and (6) yield
2
r′′
r
+
A′r′
Ar
+
r′2
r2
− 1
Ar2
= −4piφ′2 − 8piA−1V (φ)
+8piκφ′2
(
3A′r′
2r
+
Ar′2
2r2
+
1
2r2
+
Ar′′
r
)
+ 16piκφ′φ′′
Ar′
r
, (9a)
A′r′
Ar
+
r′2
r2
− 1
Ar2
= 4piφ′2 − 8piA−1V (φ) + 8piκφ′2
(
− 1
2r2
+
3Ar′2
2r2
+
3A′r′
2r
)
, (9b)
1
2
A′′
A
+
r′′
r
+
A′r′
Ar
= −4piφ′2 − 8piA−1V (φ)
+8piκφ′2
(
A′r′
r
+
1
2
Ar′′
r
+
1
4
A′2
A
+
1
4
A′′
)
+ 8piκφ′φ′′
(
Ar′
r
+
1
2
A′
)
, (9c)
φ′′ + φ′
(
A′
A
+ 2
r′
r
)
+ κφ′′
(
A′r′
r
+
Ar′2
r2
− 1
r2
)
+κφ′
(
A′r′′
r
− A
′
Ar2
+ 3
A′r′2
r2
+
A′2r′
Ar
+ 2
Ar′r′′
r2
+
A′′r′
r
)
= A−1Vφ, (9d)
where the prime means d/du, and Eqs. (9a), (9b), (9c) are
(
0
0
)
,
(
1
1
)
,
(
2
2
)
components of
Eq. (3), respectively. Eqs. (9) represent a system of four ordinary differential equations of
second order for three functions r(u), A(u), φ(u). As was mentioned above, Eq. (9d) is a
differential consequence of Eqs. (9a)-(9c). It is also worth noticing that Eqs. (9a), (9c) and
(9d) are of second order, while Eq. (9b) is a first-order differential constraint for r(u), A(u),
and φ(u).
Combining the above equations one can easily rewrite them into the more compact form:
5
r′′
r
= −4piφ′2 + 4piκA
(
φ′2
r′
r
)′
+ 4piκφ′2
1
r2
, (10a)
(A′r2)′ = −16pir2V + 4piκ(AA′r2φ′2)′ + 8piκφ′2(AA′rr′ + A2r′2 − A), (10b)
A(r2)′′ − A′′r2 = 2 + 4piκ[φ′2(2A2rr′ − AA′r2)]′ + 8piκAφ′2, (10c)
(Ar2φ′)′ + κ[φ′(AA′rr′ + A2r′2 − A)]′ = r2Vφ. (10d)
III. WORMHOLE SOLUTION
In this section we will focus our attention on wormhole solutions of the field equations
(9), or equivalently (10), obtained in the previous section. Note that Eqs. (9) are a rather
complicated system of nonlinear ordinary differential equations, and we do not know if it
is possible to find any exact analytical solutions to this system. Instead, we will construct
wormhole solutions numerically studying previously their asymptotical properties near and
far from the wormhole throat.
To describe a traversable wormhole the metric (8) should possess a number of specific
properties. In particular, (i) the radial coordinate u runs through the domain (−∞,+∞);
(ii) there exist two asymptotically flat regions R± : u → ±∞ connected by the throat;
(iii) r(u) has a global positive minimum at the wormhole throat u = u0; without loss of
generality one can set u0 = 0, so that r0 = min{r(u)} = r(0) is the throat radius; (iv) A(u)
is everywhere positive and regular, i.e. there are no event horizons and singularities in the
spacetime. Taking into account necessary conditions for the minimum of function, we obtain
also
r′0 = 0, r
′′
0 > 0, (11)
where the subscript ‘0’ means that values are calculated at the throat u = 0. Concerning
wormholes, the above relations are known as the flare-out conditions.
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A. Initial condition analysis
Let us consider the field equations at the throat u = 0. By assuming r′0 = 0, Eqs. (9a)
and (9b) after a little algebra yield
1
r20
= −4pi(A0φ
′2
0 − 2V0)
1− 4piκA0φ′20
, (12)
r′′0
r0
= −4piφ
′2
0 (− 8piκV0)
(1− 4piκA0φ′20 )2
. (13)
To provide the flare-out conditions (11) the right hand sides of Eqs. (12), (13) should be
positive. This is possible if φ′20 6= 0 and the following inequalities take place:
A0φ
′2
0 − 2V0
1− 4piκA0φ′20
< 0, (14)
− 8piκV0 < 0. (15)
For given  and κ these inequalities give restrictions for initial values of A0φ
′2
0 and V0 = V (φ0)
at the throat. Let us consider separately various cases.
1. κ = 0. This is the case of a minimally coupled scalar field. Now (15) yields  < 0, i.e.
 = −1, for any V0. In turn, if  = −1 Eq. (14) is fulfilled provided V0 > −12A0φ′20 . Thus, we
have obtained a well-known result that a solution with the throat in general relativity with
a minimally coupled scalar field is permitted only for phantom fields with negative kinetic
energy (see, for example, [25]).
Further we will consider cases with nonminimal derivative coupling.
2.  = 1, κ > 0. The constraints (14), (15) give
(A) A0φ
′2
0 <
1
4piκ
, V0 >
1
8piκ
,
(B) A0φ
′2
0 >
1
4piκ
,
1
8piκ
< V0 <
1
2
A0φ
′2
0 .
Thus, in the case κ > 0,  = 1 there are domains of initial values A0φ
′2
0 and V0 which provide
the flare-out conditions (11). Stress also that the initial value V0 should be necessarily
positive at the throat.
3.  = 1, κ < 0. It is easy to check that Eqs. (14) and (15) are inconsistent in this case,
and hence the flare-out conditions (11) are not fulfilled.
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4.  = −1, κ > 0. Eqs. (14), (15) give
A0φ
′2
0 <
1
4piκ
, V0 > −1
2
A0φ
′2
0 . (16)
5.  = −1, κ < 0. Eqs. (14), (15) give
A0φ
′2
0 > 0, −
1
2
A0φ
′2
0 < V0 <
1
8pi|κ| . (17)
Thus, in case  = −1 there are domains of initial values A0φ′20 and V0 which provide the
flare-out conditions (11). It is worth noticing that the value V0 is admissible, and so one
may expect to get a wormhole solution without potential.
In the model with nonminimal derivative coupling there is a nontrivial case  = 0, when
the free kinetic term is absent. Let us consider also this case.
6.  = 0, κ > 0. Eqs. (14), (15) give
A0φ
′2
0 <
1
4piκ
, V0 > 0.
Thus, in this case there are domains of initial values A0φ
′2
0 and V0 which provide the flare-out
conditions. As well as for  = 1 and κ > 0, the initial value V0 should be necessarily positive
at the throat.
7.  = 0, κ < 0. Eqs. (14), (15) are inconsistent.
Summarizing, we can conclude that the flare-out conditions (11) in the model with non-
minimal derivative coupling can be fulfilled for various values of  and κ. Respectively, the
flare-out conditions provide an existence of solutions with the throat. It is worth especial
noticing that the throat in the model with nonminimal derivative coupling can exist not
only if  = −1 (phantom case), but also if  = 1 (normal case) and  = 0 (no free kinetic
term).
To finish the analysis of the field equations (9) at the throat, let us consider the metric
function A(r) and its first and second derivatives at u = 0. The value A0 is a free parameter.
Though A′0 is also free, we assume, just for simplicity, A
′
0 = 0. Note that in this case A(u)
has an extremum at the throat u = 0. Using Eq. (10c), we can find
A′′0 = −
8pi
r0
κA0φ
′2
0 + 2r
2
0V0
1− 4piκA0φ′20
. (18)
The sign of A′′0 determines a kind of the extremum of A(u); it is a maximum if A
′′
0 < 0, and a
minimum if A′′0 > 0. It is worth noticing that, with the physical point of view, the maximum
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(minimum) of A(r) corresponds to maximum (minimum) of gravitational potential. In turn,
the gravitational force equals to zero at extrema of the gravitational potential; moreover, in
the vicinity of maximum (minimum) the gravitational force is repulsive (attractive). As a
consequence, the throat is repulsive or attractive depending on the sign of A′′0.
As an example, let us consider the model with  = −1. By using the relations (16) and
(17), we can see that A′′0 < 0 if κ > 0, and A
′′
0 > 0 if κ < 0. Hence, the throat is repulsive
in the first case, and attractive in the second one.
B. Asymptotical analysis
While the throat is an essential feature of the wormhole geometry, its asymptotical prop-
erties could be varied for different models. Traversable wormholes are usually assumed
possessing two asymptotically flat regions connected by the throat, and in this paper we will
look for wormhole solutions with an appropriate asymptotical behavior.
The spacetime with the metric (8) has two asymptotically flat regions R± : u → ±∞
provided limu→±∞{r(u)/|u|} = δ± and limu→±∞A(u) = A±. Since a flat spacetime is
necessarily empty, we have also to suppose that limu→±∞ φ(u) = φ± and limu→±∞ V (φ(u)) =
V (φ±) = 0. Assume the following asymptotics at |u| → ∞:
r(u) = δ±|u|
[
1 +
α±
|u| +O(u
−2)
]
, (19)
A(u) = A±
[
1− β±|u| +O(u
−2)
]
, (20)
φ(u) = φ±
[
1− γ±|u| +O(u
−2)
]
, (21)
V (φ(u)) = O(u−5). (22)
Substituting above expressions into Eq. (9b) and collecting leading terms gives
A± = δ−2± . (23)
Thus, the asymptotical form of the metric (8) is
ds2 = −δ−2±
(
1− β±|u|
)
dt2 + δ2±
(
1− β±|u|
)−1
du2 + δ2±u
2
(
1 +
α±
|u|
)2
dΩ2. (24)
Introducing in the asymptotically flat regions R± new radial coordinates
ρ± = δ±|u|
(
1 +
α±
|u|
)
9
and neglecting terms O(ρ−2± ), we obtain
ds2 = −
(
1− 2m±
ρ±
)
dt2± +
(
1− 2m±
ρ±
)−1
dρ2± + ρ
2
±dΩ
2, (25)
where 2m± = δ±β± and t± = δ−1± t. This is nothing but two Schwarzschild asymptotics
at u → ±∞ with masses m±. Taking into account that δ±|u| = limu→±∞ r(u) and δ± =
± limu→±∞ r′(u) we can find the following asymptotical formula
m± = lim
u→±∞
[r(u)(1− r′2(u)A(u))]. (26)
C. Exact wormhole solution with κ = 0
Let us discuss the particular case κ = 0 (no nonminimal derivative coupling). In this case
the system of field equations (10) reduces to well-known equations for a minimally coupled
scalar field:
r′′
r
= −4piφ′2, (27a)
(A′r2)′ = −16pir2V, (27b)
A(r2)′′ − A′′r2 = 2, (27c)
(Ar2φ′)′ = r2Vφ. (27d)
Supposing additionally  = −1 (phantom scalar) and V = 0 (no potential term), one can
find an exact wormhole solution to the system (27) (see [19, 20]). Adopting the result of
[21] we can write down the solution as follows
ds2 = −e2λ(r)dt2 + e−2λ(r) [du2 + (u2 + u20)dΩ2] , (28)
φ(u) =
(
m2 + u20
4pim2
)1/2
λ(u), (29)
where λ(u) = (m/u0) arctan(u/u0), and m, u0 are two free parameters. Taking into account
the following asymptotical behavior:
e2λ(u) = exp
(
±pim
u0
)[
1− 2m
u
]
+O(u−2)
in the limit u → ±∞, we may see that the spacetime with the metric (28) possesses by
two asymptotically flat regions. These regions are connected by the throat whose radius
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corresponds to the minimum of the radius of two-dimensional sphere, r2(u) = e−2λ(u)(u2+u20).
The minimum of r(u) is achieved at u = m and equal to
r0 = exp
(
−m
u0
arctan
m
u0
)
(u2 + u20)
1/2.
Asymptotical masses, corresponding to u→ ±∞, are
m± = ±m exp(±pim/2u0).
It is worth noticing that the masses m± have both different values and different signs, and
so wormholes supported by the minimally coupled scalar field inevitably have a negative
mass in one of the asymptotical regions.
Note also that there is a particularly simple case m = 0 when the static solution (28),
(29) reduces to
ds2 = −dt2 + du2 + (u2 + u20)dΩ2, (30)
φ(u) = (4pi)−1/2 arctan(u/u0). (31)
In this case both asymptotical masses are equal to zero, m± = 0, and so such the wormhole
is massless.
D. Numerical analysis
In this section we present results of numerical analysis of the field equations (9). Note
that in order to realize a numerical analysis into practice one needs first to specify a form of
the potential V (φ). The requirement of asymptotical flatness dictates limu→±∞ V (φ(u)) =
V (φ±) = 0. The simplest choice obeying this asymptotical behavior corresponds to zero
potential, and hereafter we will assume V (φ) ≡ 0. As the initial condition analysis has
shown, the flare-out conditions with V0 = 0 are only fulfilled in case  = −1.
An initial conditions for the system of second order ordinary differential equations (9)
read u = 0, r(0) = r0, r
′(0) = r′0, A(0) = A0, A
′(0) = A′0, φ(0) = φ0, φ
′(0) = φ′0. Without
loss of generality one can set A0 = 1 and φ0 = 0. Since u = 0 is assumed to be a wormhole
throat, one get r′0 = 0. Now the throat’s radius r0 given by Eq. (12) can be found as
r0 =
√
1− 4piκφ′20
4piφ′20
. (32)
11
FIG. 1: Graphs for δ−1r(u), δ2A(u), and φ(u) are constructed for the initial values A′0 = 0, φ′0 = 0.1
and κ = −40,−20,−10,−5,−1, 0, 1, 2, 3 (up-bottom for r(u), bottom-up for A(u), bottom-up for
the right branch of φ(u)); δ = δ+ = limu→∞ r(u)/u (δ+ = δ−). The bold lines correspond to κ = 0
(no nonminimal derivative coupling).
Then the only two free parameters determining the initial conditions remain: A′0 and φ
′
0.
First let us consider the case A′0 = 0. In Fig. 1 we represent numerical solutions for r(u),
A(u), and φ(u) for various values of κ. Note that both r(u) and A(u) are even functions
possessing an extremum at the throat u = 0; r(u) has a minimum due to the flare-out
conditions, and, as was mentioned above, A(u) has a maximum if κ > 0, and a minimum
if κ < 0. In case κ = 0 one get A(u) = 1; this coincides with the analytical result (30).
The function φ(u) is odd; it smoothly varies between two asymptotical values −φ+ and φ+,
where φ+ = limu→∞ φ(u). The functions r(u) and A(u) given in Fig. 1 also possess a proper
asymptotical behavior: limu→±∞ r(u) = δ±|u| and limu→±∞A(u) = δ−2± . In case A′0 = 0 we
have δ− = δ+ = δ and the value of δ depends generally on κ, i.e., δ = δ(κ). The asymptotical
Schwarzschild masses m± corresponding to the numerical solutions r(u) and A(u) are shown
in Fig. 3. Because of the symmetry u ↔ −u we have m− = m+ = m. Moreover, m is
positive if κ < 0, negative if κ > 0, and m = 0 for κ = 0. Note also that wormhole solutions
exist only for κ < κmax, and m→ −∞ if κ→ κmax.
The numerical solutions for r(u) and A(u) in the case A′0 6= 0 are shown in Fig. 2. It is
worth noticing that in this case both r(u) and A(u) have different asymptotics at u→ ±∞:
limu→±∞ r(u) = δ±|u| and limu→±∞A(u) = δ−2± , where δ− 6= δ+. As a consequence, we
get a wormhole configuration with two different asymptotical masses m±. The value of m±
depends on κ; this dependence is shown in Fig. 3. Note that for κ < κ1 both m+ and m−
12
FIG. 2: Graphs for δ−1r(u), δ2A(u), and φ(u) are constructed for the initial values A′0 = 0.05,
φ′0 = 0.1 and κ = −40,−20,−10,−5,−1, 0, 1, 2, 3 (up-bottom for r(u), bottom-up forA(u), bottom-
up for the right branch of φ(u)); δ = δ+ = limu→∞ r(u)/u (δ+ 6= δ−). The bold lines correspond
to κ = 0 (no nonminimal derivative coupling).
FIG. 3: Asymptotical masses m± vs κ for A′0 = 0 and A′0 = 0, 05. Note that m− = m+ if A′0 = 0.
In case A′0 = 0.05 the masses m+ and m− are represented by upper and lower graphs, respectively;
m−(k1) = m+(k2) = 0.
are positive, for κ > κ2 both m+ and m− are negative, and for κ1 < κ < κ2 (in particular,
for κ = 0) the asymptotical masses m± have opposite signs. Note also that κ < κmax, and
m± → −∞ if κ→ κmax.
Note that a qualitative behavior of numerical solutions for r(u), A(u), and φ(u) does
not depend on the initial value φ′0, and above results were obtained for the specific choice
13
φ′0 = 0.1.
IV. SUMMARY AND DISCUSSION
We have constructed static spherically symmetric wormhole configurations in a gravita-
tional theory of a scalar field with nonminimal derivative coupling to the curvature. Carrying
out a local analysis of the flare-out conditions, we have shown that solutions with a throat
in the theory (2) with a nonzero derivative coupling parameter κ 6= 0 could exist both if
 = −1 and  = +1. For comparison, it is worth noticing that solutions with a throat in the
minimally coupling model with κ = 0 are forbidden for an ordinary scalar field with  = +1
[25]. Assuming additionally an asymptotical flatness, we have found numerical solutions
describing traversable (Lorentzian) wormholes in the model with an arbitrary κ,  = −1 and
V (φ) = 0 (no potential).
The wormhole solutions constructed in the paper could be classified by their asymptotic
behavior which, in turn, is determined by asymptotics of the metric functions r(u) and A(u)
at u→ ±∞. If A′0 = 0, then both r(u) and A(u) are even, and so a wormhole configuration
is symmetrical relative to the throat u = 0. In this case both asymptotical masses m± are
equal, i.e., m− = m+ = m, and one has the following cases: (i) m > 0 if κ < 0; (ii) m = 0
if κ = 0; (iii) m < 0 if κ > 0. In case A′0 6= 0 a wormhole configuration has no symmetry
relative to the throat, hence asymptotical masses m± are different, i.e., m− 6= m+, and
one get (i) m− > 0, m+ > 0 if κ < κ1 < 0; (ii) m− ≤ 0, m+ > 0 if κ1 < κ < κ2;
(iii) m− < 0, m+ ≤ 0 if κ > κ2 > 0. Thus, depending on κ, a wormhole could possess
positive and/or negative asymptotical Schwarzschild masses. It is worth emphasizing that
both masses are positive only provided κ < κ1 (for a symmetrical wormhole configuration
one has κ1 = κ2 = 0), otherwise one or both wormhole masses are negative. For example,
let us consider the case κ = 0, when the scalar field is minimally coupled to the curvature.
In this case well-known wormhole solutions have been analytically obtained by Ellis [19]
and Bronnikov [20] (see the discussion in Sec. III). Such the wormholes inevitably possess a
negative Schwarzschild mass in one of the asymptotical regions, or, in the particular case of a
symmetric wormhole configuration, both asymptotical masses are equal to zero. (Note that
our numerical calculations given in Figs. 1-3 completely reproduce this particular analytical
result.)
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The stability of wormhole configurations is an important test of their possible viability.
The stability of wormholes supported by phantom scalar fields was intensively investigated
in the literature [21–24], and the final resolution states that both static and non-static (see
Ref. [21]) scalar wormholes are unstable. Though this result is technically complicated,
there is a simple qualitative explanation of this instability. Actually, as was mentioned
above, a scalar wormhole inevitably possesses a negative Schwarzschild mass in one of the
asymptotical regions; for example, let it beR− : u→ −∞. This means that the gravitational
potential is decreasing and the gravitational force is repulsive far from the throat. Consider
now a small scalar perturbation of the wormhole geometry localized near the throat. Such
the perturbation shall play a role of a small bunch of energy density and, because of the
repulsive character of the gravitational field, it shall be pushed to the infinity R−. Similarly,
any scalar perturbations will propagate from the throat vicinity to infinity, and this indicates
an instability of the throat.
In comparison with wormholes supported by a phantom scalar field minimally coupled
to the curvature, the scalar wormholes with nonminimal derivative coupling obtained in
this paper have a more general asymptotic behavior. Namely, depending on a value of the
nonminimal derivative coupling parameter κ one of the following qualitatively different cases
is realized: (i) one of the asymptotic wormhole masses or both of them are negative; (ii) both
asymptotic masses are positive. Taking into account the previous qualitative consideration,
one can expect that a wormhole configuration will be unstable in the first case and stable
in the second one. Actually, if both asymptotic masses are positive, then the gravitational
potential is increasing and the gravitational field is attractive on both sides of the wormhole
throat. In this case all scalar perturbations should be localized in the vicinity of the throat,
and this would provide a stability.4
Of course, it is necessary to emphasize that the above consideration of wormhole stability
has only a qualitative character. To answer finally the question – are scalar wormholes with
nonminimal derivative coupling stable or not? – we need additional investigations which are
4 Note that wormhole solutions with positive asymptotical masses are known in the literature. Such worm-
holes were found as exact solutions of the scalar-tensor theory with nonminimal coupling ξRφ2 and the
φ4-potential [26] and the nonminimal Einstein-Yang-Mills model [27]. Also various thin-shell configura-
tions represent wormholes with positive asymptotical masses; it is worth noticing that thin-shell wormholes
could be stable (see, for example, Ref. [28] and references therein).
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in progress.
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